urement or measurement of minimal late response latency, do not assess the state of slowly conducting myelinated or unmyelinated fibres.
Collision techniques3-6 help measure the function of the slower myelinated fibres, but cannot evaluate the function of unmyelinated fibres. Unmyelinated axons produce signals that are of such low amplitude and are so dispersed that they can only be well characterised by microneurography, which records directly from unmyelinated axons7'-6 with intraneural needle electrodes. With this method it is even possible to differentiate between nerve fascicles mediating sympathetic control of the intramuscular vasculature (motor sympathetic activity (MSA)) and those conveying sympathetic impulses to the cutaneous blood vessels and sweat glands (skin sympathetic activity).7 12-16 (These two classes of sympathetic activity are apparently conveyed by separate fascicles of unmyelinated axons.) Unfortunately, microneurography is time-consuming, requires skilled, experienced operators, and is invasive, making routine use impractical.
However, the improved understanding of sympathetic activity that has been gained from microneurography has suggested a simple method for assessing autonomic function. Sympathetic skin activity mediates sudomotor function7 12 15 and a simple technique for assessing sudomotor function has been available for decades-the "galvanic skin response" (GSR). '7 18 This change in skin resistance (which occurs after emotional or noxious stimuli, or most prominently, following deep inspiration) is triggered by increased sudomotor activity, mediated 536
Sympathetic skin response-assessment of unmyelinated axon dysfunction in peripheral neuropathies 537 by the autonomic nervous system. Closely related to the GSR is the "sympathetic skin response", a change in the voltage measured from the surface of the skin, that is also attributable to sudomotor activity. The mechanism responsible for the sympathetic skin response is not known, but both the sympathetic skin response and the GSR seem to be mediated by the same afferent and efferent pathways.
Both sympathetic skin activity" I and the sympathetic skin response '9 have been used in the past to evaluate autonomic function in patients with suspected dysautonomia. Both may be abnormal in such patients, but neither is invariably abnormal. In these patients these tests are most consistently abnormal when dysautonomia is associated with a severe peripheral neuropathy. "' 19 This suggested to us that the sympathetic skin response might provide a simple way to test unmyelinated axon function in peripheral neuropathies. We therefore measured the sympathetic skin response in patients with neuropathies, and correlated the observations with clinical, EMG and, pathologic findings.
Methods
In the past 2 years we studied the sympathetic skin response in 33 patients being evaluated for peripheral neuropathy (ages 24 Histories were reviewed for symptoms of autonomic dysfunction (orthostatic dizziness or syncope, altered gastrointestinal function, or altered perspiration). Examinations included tests of postural changes in pulse and blood pressure, pulse response to Valsalva, qualitative assessment of skin temperature and sweating, and pupillary responses.
All patients had conventional motor and sensory conduction and late response studies, and EMG with concentric needle electrodes. In these tests, limb skin temperature was maintained at a minimum of 32°C. Usual criteria were employed to divide patients into those with demyelinating neuropathies and those with axonal disease. Findings of (1) slowed conduction velocity (reduced to less than 60% of normal); (2) asynchronous, prolonged duration compound muscle action potential (CMAP); (3) prolonged distal latencies; (4) absence of sensory nerve action potentials; and (5) low persistence and prolonged latency of late responses suggested a primarily demyelinating process. Conversely, the presence of (1) reduced amplitude CMAP; (2) reduced amplitude compound nerve action potentials; (3) relatively normal conduction velocity; (4) mild prolongation (by less than 25% of normal) and normal persistence of late responses; and (5) abnormal spontaneous EMG activity (fibrillations and positive sharp waves) suggested an axonopathy.
In eight of the 33 patients, a sural nerve was biopsied. A 6 cm specimen was taken so that the distal end of the excised nerve was about 5 cm proximal to the lateral malleolus. Teased fibre preparations were performed on all biopsies.' Portions of each biopsy were fixed in 1-25% glutaraldehyde, 1% paraformaldehyde, postfixed with osmium tetroxide, embedded in epon and sectioned for study by light and electron microscopy. Quantitative studies were performed on representative EMG photomontages, printed at a final magnification of 7000x. Data were collected using a Graf/pen digitiser, a PDP 11/23 computer, and software developed in our laboratory specifically for this purpose. Four nerves were studied with in vitro electrophysiologic methods. 22 
Results

NORMAL CONTROLS
The sympathetic skin response was present in all limbs of all normal subjects. In each subject the response amplitude varied from test to test, despite efforts to limit habituation. The shapes of the responses were similar in the arms and legs, but the amplitude (figs 1 and 2, following inspirationhand 1119 ± 536 foot 1000 ± 666 Sympathetic skin response amplitude (mean ± standard deviation). In normal controls, the amplitude of the response in the hand is consistently greater than in the foot (p < 0-01, Student's 2 tailed t test). In addition, in normals the amplitude following inspiration is greater than following an electrical stimulus (p < 0-01, 2 tailed t test). The difference between controls and patients is not significant. there symptoms or physical findings suggestive of disordered autonomic function. In three patients these symptoms were prominent and sympathetic skin response was preserved. Of the 16 patients with no sympathetic skin response, only one had such symptoms. In contrast, absence of the sympathetic skin response did correlate with the "stockingglove" neuropathy (affecting all modalities equally) (Magnification x 12 000).
sympathetic skin response was absent in three. Of the five with preserved sympathetic skin response, teased fibre preparations demonstrated segmental demyelination in three, predominantly segmental demyelination but with some evidence of an axonopathy in one, and primarily axonal degeneration in one. This last patient had an unusual clinical picture suggesting a patchy lumbosacral plexopathy that spared some parts of the nerve while affecting others (presumably sparing enough axons to preserve the reflex). Of the three patients with no sympathetic skin response, teased fibre preparations were consistent with an axonopathy in all three although two also had some evidence of mild segmental demyelination (commensurate with that described in some axonopathies.)23 In four biopsied patients with sympathetic skin response, in vitro electrophysiologic testing was performed. In all, C fibre function was preserved while A alpha and A delta functions were markedly decreased. Quantitative morphometric studies confirmed that the absent sympathetic skin response correlated best with disorders of unmyelinated axons (figs 4 and 5). All three patients with absent sympathetic skin response had decreased numbers of unmyelinated fibres (17-22,000/m) ( Abnormalities of sympathetic skin response did not correlate with clinical evidence of dysautonomia. In previous studies of sympathetic skin activity and sympathetic skin response, the correlation between abnormalities of these tests and dysautonomia was weak. In contrast, most studies found a relationship between abnormalities of these tests and abnormal autonomic function when the latter was associated with a severe peripheral neuropathy." '9 Three recent studies25-27 have suggested that the sural nerve contains few sympathetic fibres. Our observations bear on this data in two ways. First, in one of the three biopsied patients with prominent symptoms of autonomic nervous system dysfunction, there were no abnormalities of unmyelinated axons in the sural nerve, as also observed in some28 29but not aII30 31 previously published reports of sural nerve biopsies in dysautonomia. In contrast, three patients with marked abnormalities of unmyelinated axons in the sural nerve had no symptoms of dysautonomia. We take this as further evidence that, in a broader sample of patients than reported in previous studies, the sural nerve probably does not contain many sympathetic fibres. On the other hand, we noted the frequent occurrence of both abnormalities of unmyelinated axons in the sural nerve, and absence of the sympathetic skin response. Therefore the sympathetic skin response is absent in diseases in which small unmyelinated axons of many types-sensory and autonomic-are damaged.
The sympathetic skin response can be recorded with commonly available EMG equipment. It may be present when conventional motor and sensory conduction and late response studies demonstrate gross abnormalities, or absent when these tests are normal. These findings suggest that recording the
